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RECORDING 
THERMOMETER 


—Note the Improvements 
for Matching Precise 
Performance and 
Modern Style 


° 
Visible Record Pen Arm 
with Removable Capillary 
Fountain Pen 

+ 
} itiv Pen Lif 

* 
Pen arm bracket supported 
by bearings at both ends 

backlash, no lost motion 

a 
Positive Micromete Pen 
Adjustment 

e 
Safety Link for Over-range 
Protection 

o 
Interchangeable Tube Sys 
tem the lifeline of the in 
strument. Tested, approved 
and standardized in stain 
less steel interchangeable 
parts 


7 
A turn of chart knob re 
leases gripping fingers 
chart slips over. Nothing to 
remove or lose 

< 
12 Inch Chart unusually 
long Pen Travel 

+ 
Non-binding Chart Re 
tainer 

o 
Cross Bar shields mechan 
ism 

ca 
A really convenient door 
latch—catches when door is 


Fastens when 


handle is pushed down 


swung to 


Time Line Indicator 









Phat bbb a steady. succession of important. developments 
which have marked the progress of TAG design from the 
first temperature controller installed in 1900—TAG now pre- 
sents one of the outstanding instrument successes of the year— 
the new line of Recording Instruments with 10 and 12 inch charts. 
A long record of faithful performance reflects these advanc- 
ing instrument improvements. Primarily, it must be based on 
dependable precision to recommend this line of handsomely 
styled TAG Recorders to the service of temperature supervision 
in YOUR plant. 

For itself and the other competent instruments in this new 
TAG Line, the Recording Thermometer illustrated here bespeaks 
the excellent agreement of its modern case styling with its ad- 
vanced mechanical design. 

Check its many features and ask for your copy of the TAG 
Catalog No. 1060-I which illustrates and describes TAG's new 
Recording Thermometers and Recording Pressure Gages. 





C. J. TAGLIABUE MFG. Co. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 





















COMPARE THE RESULT! 


mperatures could not be maintained with throttling control. They needed 
t-acting “Open and Shut” control. It was not a question of complicated refine- 
nts, but one of greater simplicity — as the charts proved. “Open and Shut’ 
When you have a temperature control job always think in terms of Foxboro 
Open and Shut” Control first. It’s the simplest controller... the first and only 


i 


istrument to our knowledge designed as and successful as a fast open and shut 

ntroller. Moreover, Nature’s laws made 65° of all temperature control problems Contro S est 
y and ideal for this widely used instrument controller. Included are dryers, 

ttles, ovens, cookers — jobs that have large heat capacity 


If you have jobs involving temperature, call in a Foxboro engineer. For more than 0 
juarter of a century Foxboro has proved that 65° of all such control problems can Hh 0 0 
ived only by ‘Open and Shut” 


You save in initial cost and 


} 


lividends during every hour of ; sib a woo = =f : ily @ om : 
ration. Write for complete informa- mounts of throttling range Foxbor ases 





[he Foxboro Company, 46 Nepon- 
Avenue, Foxboro, Mass., U. S. A. 


h Offices in 25 Principal Cities 


ake TEMPERATURE 


REG. U.S. PAT. OFF 








































A REVOLUTIONARY NEW DESIGN 
An OUTSTANDING IMPROVEMENT 





ATTENUATOR 


* Molded Commutator 
Switching Mechanism 


* 4-Linger Beryllium 
( oppe Contact 


& “Silent Spiral” Clock Spring Connector 


*% Famous IRC Insulated Resistors 


An extremely low original noise level maiutaincd 
im actual service is made possible in the new 
Type A-21 20-step Attenuator by its unique de- 
sign. 

The conventional stud type switch is replaced 
by a molded motor commutator with conducting 
segments of polished, hard-drawn copper molded 
in phenolic. Each finger of the mult-finger cop- 
per contact operates independently, insuring 
smooth, noise-free action. One series pressure 
contact is definitely eliminated by a “Silent 
Spiral” clock spring connector similar to that 
pronected by IRC more than two years ago in 
the Type CS controls. Throughout, the Attenua- 
tor 1s constructed for long, trouble-free service. 


> 


Phe Attenuator ts 2 »”’ diameter. The 
attenuation range is linear from 0 DB to 45DB in 


steps of 21/, DB, tapering from 45 DB to infinity 


if long by 


in the last two steps. It is made with or without 
detent action. Standard terminal impedances arc 
50, 200, 250 and 500 ohms. Other variations of 
ladder or step potentiometer networks are avail- 
able. The unit is protected by a ught-fitting re 
movable aluminum cover. 


Write for catalo: 


s 


INTERNATIONAL RESISTANCE COMPANY 
1417] NORTH BROAD STREET. PHILADELPHIA. PA 


or Licensees in Canada. England, France, Germany. Itely. Denmark and Auste alia 


MAKERS OF RESISTANCE UNITS OF MORE TYPES, IN MORE SHAPES. FOR 
MORE APPLICATIONS THAN ANY OTHER MANUFACTURER IN THE WORLD 
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N rHegEsS iS Ss 0 & 
understandable by any schoolboy, 
r every pound of steam cenerated 
continuous boiler a pound of water 
be fed to the boiler, that a mil 
wounds of steam per hour call for a 
pounds of feed-water per hour, 
if the header pressure is 1250 Ibs. /in.? 
feed-water must be pumped in at 1250 
plus water head and pipe-fric 
oss head and a little over for safe 
Each of these things is elementary, 
hen you add them all up you have 
eal problem in measurement and con 
Such is the Ford Motor Co.'s prob 
nd Power Superintendent Dulmage 
otes his second article entirely to this 
ect of Ford power plant instrumen 
Paqes 165-167 


Since the “Williams on Hardness” Se 
began in January, 1937, several read 
ve gratefully commented — that 
rofessor Williams “gives good measure” 
each monthly instalment, by drawing 
rences and setting forth various 


ev This month's instalment is an ex 


ent ex unple: his specific topic is the 
mond py ramid indenter but he brings 
the question of the validity of all 
rdness numbers” based on ratios of 

to indentation area, Pages 168-170, 


By a set of curious chances” (are you 

G&S fan too?) Ralph Batcher, whose 

on eathode-ray oscillography has 

ently been concluded, was prevailed 
to contribute a sort of addendum 

me hints on how to get microsecond ac 

cv in timing 


the spot traverse. Pages 


HE FRONT COVER 


ws the boiler-feed and booster pump 
| hoard at the Rouge Plant of the 
Motor Co.—which forms the sub 


f Dulmage's article 


CERAMICS COURSE 
be given at M.I.T. July 11-23, in 
lemperature Measurement and 
trol is to be featured. Jnstruments 


ges members of the industry to attend. 
ite to Professor F. H. Norton. 








COMBUSTION CONTROL 


KCENT years have witnessed significant and im 
portant advances in the application of automati 

control systems to combustion processes 

Significant advances, because each development has in 
large measure represented a step forward away trom 
hit-or-mMiss empiricism and guess-work toward the ideal 
of rational engineering. There's a heap of significance 
yf meaningtulness—in the new “united front” presented 
by designers of control systems, builders of fuel-fired 
equipment, and constructively-critical users of both 

Important advances, because they are gradually ove 
coming the prejudices of disappointed older executives 
who had been “oversold” in the early ‘twenties. Wide 
acceptance of automaticity by this Old Guard is indeed 
of dollars-and-cents importance to American industries 

Just a vear ago, when plans were being shaped for pub 
lishing the Tenth Anniversary Issue, the subject “Com 
bustion Control” had a habit of popping up irrepressibly 
every time that heads were put together in efforts to pet 
fect the menu to be served in that January 1938 issue. We 
finally decided to leave it out of that banquet and to give 
our readers, several months later, a second feast consist 
ing of several courses of Automatic Combustion Control 

At last we can take pleasure in announcing the date 
of this special banquet. It will be next October's issuc 

It will interest vou to know that we've engaged 
group of cooks belonging to a different “union.” You re 
member that our Tenth Anniversary Issue was composed 
of “Decade of Progress” articles written by you —by users 

each an authority on a general class of devices. For ex 
ample R. J. S. Pigott, whose name has stood for fluid 
meter research since 1916, wrote the “Decade of Pro 
gress article on metering and automatic control of in 
dustrial fluids, covering all commercial makes of meters 
and controllers. And what a tastv b/end it was! In our Ox 
tober banquet, on the other hand, each single course w 
be one commercially-available system of automatic com 
bustion control—and its cook will be the Chief Enginee: 
(or other technical head) of the firm that makes it 

Our older subscribers will remember a special issue of 
Instruments composed according to this idea: the Calor 
metrv Issue of February, 1930, which won a warm we 
come and still serves as a useful little handbook on calor 
metry. We aim to put out an equally useful symposium 
next October—an issue that will serve as a brief modern 
automatic combustion control handbook 
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The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level,flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
lerger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
eulding boiler operators. Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft. pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 
cating, recording and 
integrating the flow of 


steam, water. sewage, 


air. gas and other fluids. Bulletins 


No. 39 and 300. 


Recorders for pressure, temper- 


ature, drafts. liquid level and other 


factors. 


BAILEY METER 


COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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NEW INSTRUMENTS 


In this department we strive to report each month ALL the new d 


for measurement, inspection, testing, metering and automatic contr 


the form of concise technical descriptions. 


When writing to manufacturers directly, please mention this departm 


your source of information. 


Or write to Information Section, Instruments Publishing Company. 








Tape Tester 





materi must bye checked Klectrode 
ermit Clamping sample without wrinkle 
ii center themselves with clearance for 
Coupe 1 ( t moment of bre ikdowr 
V / r t ('o.. Cambridge, Ma 


Fixed Power Resistors 


Wire mnmd ixed ye er resistors 


ced th choice of two co mys: 


, 
l for applications involving ftrequent 


cement type where 





by resistor may be operated at red heat 


deterioration: 


‘inst humidity as well as acid vapors 


» \ irnish-coated typ Avail 
ible in 5- and 10-watt 
ind in 1O- and 20-watt cement 


resistance values from 1 to 50,000 ohms 


( rrostat Mfa. Ce Tne \ \ Oth 


s/f Rrooklun \ ) 


for protection 


\ irnished coating, 


coating: 


Comparator 


“Microlux” comparator 
i ‘combination of LO:1 4 


lever and LOO:1 optical lever lt 


is dark band across” circula 
vreen light on translucent seal 
of ope rator’s eves directly 
si i e is from 0.003 





vith zero-center and guaranteed ac« 


is 0.00002 Measuring anvils are 


ily changed; illustration shows s 


round table with back stop; scraped 


faces are provided at front and sid 
hase for mounting special fixtut 
(feorae Neher) (¢ Lata yette 
Vew York City 


Multi-purpose Watch 


Name 


Study 


“Multi-Chron” ‘Two-button 1 


Watch is derived from 


of funetions: (1) timeplece ot 
wateh form with 15-jewel non-ma 
Swiss movement encased in. staintk 





» | 


lov; ) stop-w itch 


ind fifths; (3) 


measuring se 
“tachometer” indi 
iiles-per-hour over known distance ; 
button 


“time-out” watch with one 


secutively starting, stopping ind 


starting second hand and 


button for fiv-back; (5) 


sweep 


“teleme 


which gives distance by interval bet 
light ind = sound from simultane 
sources Jardur Import Co 1 


ith St.. New York City 

















Vacuum... 
Thermocouples 


/o\ 


* 





‘ 
l 
{ & 


Ranges from | milliampere to 10 
amperes, in either contact or sep- 
arate heater types. Prices from 
$3.00, quantity discounts. 


Write for Bulletin “A” 


AMERICAN 


Electrical Sales Co. Inc. 
67 E. 8th St. New York, N. Y. 














S-M-0-0-T-H 
VOLTAGE CONTROL 
for A.C. circuits 


The Type "TH" Transtat is the new 
continuously variable auto-transformer 
the ideal voltage con- 
trol for a.c. circuits. It offers high ef- 
ficiency, good regulation, great flexi- 
bility and dependable construction at 
moderate cost. Standard types are 
available for controlling voltage to 


regulator... 


single-phase and polyphase loads 
rated 10 Kva. and smaller, 50 or 60 
ycles, 115, 230 or 460 volts. May we 


send you bulletin 51-1 which contains 
omplete data? 


-TRANSTA~ 


VOLTAGE REGULATORS 


AMERICAN TRANSFORMER CO. 
178 Emmet St. Newark, N. J. 














Vacuum Gage 


Ne “Node 





user DY neans of 1 LO-point switel () 
eration is from L1LO-volt 60-cevele \ 

( elect ( PP 

. 
Wide-range Oven 
Control 

\ range of 100° to 500 | i nye 
of characteristics of new “Series Looe" 
controls for industrial ovens, emplovir 
“hydraulic action principle” (lquid- tilled 


Loo to B00 
reduction in t 


F. All tvpes 


mle SIngwie-Throw 


ler White-Rodgers 1 


on peclal ore 


Antenna Ammeter 


\ me t rv Of remote-reading 
mimete or us in broadeast Tatior 
id to e been designed tor uu i 
fety t failures ade ’ Iv 
Some. te ure he Use 1 weldee 
a | POrriic 1 1 
rect! lie S ‘ l 
Vv mod 1 Pr Sree 
I thecte ny s ( 
ce ll ‘ il t ( ( 
! e-Indl Ing instr ( cc 
e Feder Communi l ( 
\ 1OUS I aeis re l ( 
Cale es trot 1 to S 
/ ind Ss. / l 





tribye 


nracturer 


that while I 


svstem \I 


}) « 
L000 control (illu 
trated has nader 
normal conditions 
fixed ditferentia 
of 10° ¥F., this au 
ferential may be 
reduced On Theat 
tvpes of maustri 
ovens “by taking 
idvantage of the 
naturalanticipatior 
in the oven thro u 
the proper location 
f the sensitive ele 

ment.” Rated 
pacity Is se rip 
110 ) ( 15 

ah we ait 

ad] 1] 
Type LOO nd LOO6 ‘ 
itl stane ra ny t 
F., with a corresponding 
he fixed differenti s 
In Series LOOO have ole 
contact ICTLOT d ad hy 


five. St. I 








JAGABI’ 


RHEOSTATS 
MEET / iMACLING 
REQUIREMENTS 








Because they provide fine adjust 


ment and control of electric cut 


rent vel i wide range De 


Cause they are well made and 


durable Jagabi Rheostats are 


selected and used by engineers 


educators and research workers 


especially those who are influenced 
workmanship 


Bulletin 1515-1 


by design, quality 


and pertormance 


describes Various standard and spe 


cial types; write for a copy 


JAMES G, BIDDLE CO. 


| ELECTRICAL Sp INSTRUMENTS 


1701-13 Arcn STREET “~~ Puirapecenta. Pa 











40% SAVED BY 
DETECTING LEAKS 


ets i am A 








two months 


accurat 








Electrodynamic 
Ammeter 











Engineer: Our Product Development Dept 
has a'wow' in the muking-- 
what we need now isa vi- 
bration proof relay 
that will work on 800 
cycles -- do you know 
45°" where you can get one? 


wales Zot | 
fb Si Wi | PA: Sure thing: Struthers 
SNUB” Dunn specializes on 
IS just such problems 
Ill get in touch with 
them at once. 


And you cant do better than 
{ getting in touch with Struthers 
| Dunn, too, if youhavea problem 
reguiring relays 


Nama 


4y DUNCO 


MEANS DEPENDABILITY 





STRUTHERS DUNN, Inc. 


125 N. Juniper St., Philadelphia, Pa. 





Set-up Registering 
with Productimeters 
























Accurate set-ups of tools, rolls, 
blades, presses, etc. can be re- 
peated quickly when Setting-up 
Productimeters are geared to 
spindle feeds or screwdowns to 
register the setting in thou- 
sandths. Once correctly made, the 
setting is read on the Producti 
meter and recorded to guide 
future set-ups for this job. 

Model SMIB-5 above insures cor- 
rect draft on steel mill rolls 
Get our recommendations on 


set-up and counting problems. 


Productimeters 


* THE SPEEDOMETEDS OF INDUSTRY * 
— 


DURANT MFG. CO. 


1930 N. Buffum St., Milwaukee, Wis 
182 Eddy Street, Providence, R. I 


Sales Offices in all principal cities 





US WHAT YOU WANT TO COUNT 






















































Furnace Time: 


Iwo small screws suftice for 
“Ste-Tre-Meter” automatic ti 
steel-treating furnace the ay 
for which it was specially deve 
the mar 
(a maker 
speed ster 
Distinet 
tures: zer 
accomplis 
by foot 
bottom or 
lever at 
number of 
contacts 


positione ad 


phery to 1 
and flash 
both it 


pre-determi 
tervals; att 
by ring 
visible at 
illustration 
nace door 
opening of d 
turns pel 
ZeTO ind 
until closing of door starts eve 
total time ranges (10 and 60 n 
each instrument, with simple ch 
from one to other. Ste-Tre-Met 


regularly available for 110-volt 
single phase supply ; ilsoo made 
other supply J Vilton Lue 


Bellevue {ve., Det ou,” Mich 


Internal Hardness 
Tester 


“Model HT horizontal intern 
is an “off-center tester” which 
used for internal testing on hubs, 
ete is well as for all external 





Vertical capacity 8”: throat 
reach) 6”; minimum I[.D. 2 ( 
for diamond penetrator at 150 and 6 
ind !. L balls at 100 kg. Penett 
beam assembly is adjustable for t 


it any point of the 6” internal 


Dead-weight loading gives direct-re 
“Cc,” “B” and “A” scale numbers 


irrangement provides ill scale re 


with but one set of black numer 
Pyro-Electro Instrument Co... ? 
Chicago RBivd Detroit. Mich 




















The All Purpose 


sen VELOCITY METER 
“Alnor” 
V elometer 








Instantaneous 

| = Direct 

i ; 

Reading 

No Timing 
No Calculations 

Write 
i for Literature 


LINOIS TESTING LABORATORIES, Inc. 
Austin Ave. Chicago, Itllinols 











NEW “ALNOR” PORTABLE 
PYROMETER 
Shock Resisting, Float- 


ing Movement, Has 
5"° Mirrored Scale 
Metal Case. 

Write for Details 


ILLINOIS TESTING 
LABORATORIES, Inc 


142 W. Austin Ave. 
Chicago, Illinois 














SOLENOID VALVES 
for Air, Gas, Oil, Water, Steam, Chemicals 
SPRAY NOZZLES 
For Humidifying and Air Washing 
Home & Industrial Humidifiers 
Supreme Electric Products Corp. 
99 Mt. Hope Ave. Rochester, N. Y. 











EXTRA 


IT’S RED! 


Now you can purchase 
pure mercury thermom- 
eters with a wide RED 
column at no extra cost. 
Can be seen at a great 
} ok ia distance, through steam, 
H smoke, dust, etc. 









For a Guaranteed accu- 
| rate and reliable ther- 
mometer, which is very 
easy to read, specify: 
PALMER 

inf “Red-Reading-Mercury”’ 
ik THERMOMETERS 


on your next order. 





“¢ ae 
J.ds — 


(Write for 


Free Catalog 


ee 


THE PALMER COMPANY 


MANUFACTURERS 





| 1.8.0.M., Laboratory and Industrial 
Thermometers 
} N 4 4 { r N ‘ 0 
I Kir & ge S I 

















Control-system Relays 
Iwo 


nounced, both designed for instrumenta 
applications: (1) 
with 


new series of relavs” are ul 


tion Klectronic relay 


for use instruments of extremely 

















TEST MAGNETIC 
PROPERTIES 
OF YOUR STEELS 





RAWSON FLUAMETER 
SIMPLEST AND MOST EFFICIENT 


delicate contact: sensitive mercuryv-in 

glass thermostats, microampere relays D Vattmet 
resistance tvpe photocells, ete. A\ current \ 
of 5 microamps through contacts suffices \.( DA 
to ope rite relay, which will contro 

HaXinuUM Current of 380 amps, LE olts 

uc. Unit measures 5 7) 3 with 

out case, operates on less than 10 watts, 

is available only for use with L110. volt icknowledged leaders 
uc. or dic. (2) Resonant relay, for use development of high sensitivit 
in connection with mercury-in-glass ther 


ind thermoregulators, operating 


mostats 
ind said to insure 
instruments failure for a life of 
from 2 to 7 million operating eveles. Unit 
Is of 
in tn 


on a low value of a. 


vainst 


balanced irmature tvpe, opera 


position, is especially suited 


laboratory, where comparatively noiseless 
idvantageous. Maximum ¢ 


110 volts) ac tut 


Operation Is 
pacity oft 6 
nished with three 
load ind 


Unps, 
sets of ¢ 


thermostat connections \val 


able in either small knockout boxes or 
black Bakelite cases, 3 5 7. \ 
6-amp built-in toggle switeh is optior 
in the latter type Precisio Thermome 
ter \ JTnstrument ¢ Brand é 
S/ Philadelpl Pa 


Ride Recorder 


principle to two-compone! 


Similar in 


iccelerometers, Vvibrometers 





ords— tor line, 


RAWSON Electrical Instrument Co. 


CAMBRIDGE, MASSACHUSETTS 


15 E. 26th St New York 
1313 W. Randolph St., Chicago 
Special Apparatus Built Or 








MECREES FAMRE NM 








recording 
ind “riding comfort” recorders, new “R-S 
[Two-way Ride Recorder” was de veloped 
Indicating Pyrometer 
High Resistance 
Millivoltmeter Type 
\ super-sensitive n 
built e highest ne 
Automati compensate 
cold ine I Has au pr ] 
minu Case an ned ¥W 
baked ¢ me wid 
oe rored Cale ( 
espec tor use in connect sca l ¢ ant brat 
merchandise shipped by freight: divisi 
of chart zones, se lection of el rt speeds, Bulletin Ne 505 G PRICE 
vailability of marking device remote Furnished on Request $60 
ope rated from telegraph kev, ¢ 
other features distinguish this new i WHEELCO INSTRUMENTS CO. 
stru wtsofrom 1 Kkers other rice ( 
: ae r ihe Se ie an 1933 SO. HALSTED STREET, CHICAGO, ILL 
coraers é par LEO distel ( 
NWN. Ne SN} (Champata / 















































[Individual-Lighting 
Transformer 





Phototube Relay Unit 
for Experimental Use 


+. CADOTITNNG rere 





‘ e ‘ ( Cie 
{ ( ‘ 
I I 1evice 
{ 1 te 
1 ‘ ie 
‘ ‘ 1 e oe 
| " i 
‘ i 1 ( 
‘ t l 
G-M I 


Map Magnifier-caliper 


l t¢ ( l iT \ ) \ 


INSTRI 
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The AC-ME=: 


Gas Gravity Balance 


(*ACcurate MEasurement ) 


By this device you may determine 
the specific gravity of gas—either 
wet or dry, natural or artificial, in 
the field or the laboratory, and 
under various conditions. A port- 
able instrument equipped with 
carrying case and supplied com- 
plete with operating accessories. 
Large enough to give accurate 


and dependable results. 


Send for catalog No. 22 show- 
ing our complete line of Ac-M« 


instruments. 


The Refinery Supply Co. 


631 E. 4TH ST. TULSA, OKLA. 











indication that the relay is i 











MERCURY ARC 
RECTIFIER 
PRACTICE 


By F. C. ORCHARD 
A.M.I.E.E 


» ¢ sel to the int 
é »p ator 1 n | 
tellic nd ¢ 
intenance and ercon 
2 ecient Dr 
] EI S IA} Inst 
} } P + 
W ritte yy one Ww as intimate 
x f tl sna able t 
’ 
arise € seiectior 1 t 
il d operati yf ectifie pia t 
j . T 
t I 5 
| 
| é 1 pte { the 
tri il € € an ade 
A led f this 
A ind Tact in lis 
I us: 
\ s I rious W 
> i lw A li th h 
Es ial 
“"—The f C 


$5.00 postpaid 


Instruments Publishing Co. 
ad 


1117 Wolfendale St. % Pittsburgh, Pa 

















Heater-and-cont; 
Assemblies 
P , 


ortable Cont 


eater I elay id f 
ved l ddition to ( 
’ Til ( I bye re daily 
contro f pr sure, i I 
1) sul it Ww of contac 
pre ure gage for the ( 
enor e for heate 
istration (Choice of relays 
or electronic type i 
he desired degree of sensi 
current supply available. ( 
immed by ‘Princo” relavs i 
exceeds 10 watts. Relay box 
ent togele switch mountec 
hile smnall pilot light 
S-OVE rlass in the cover 1 


j 


nnections on relay box render 
up virtually impossible, sit 
ferent types ot plugs ind suo 
used for e heater, thermost 
nnectlons Precisio Thera 
frumeinut ¢ Brand 


Contour Projector 


Llorologi« il Micro Projector 
source and a 25 Opty 
svsten \ proportion 

ided (separate part) here 





- 


head objyect u 


iS S« ile, each millimeter di 


inch long. Microscope 
inated by i powerful pr 
nad reflecting cCondensin 
so that in addition to ree 
ol or vyround glass scree 
ments of greater size mav be 
sin n externat sereen mn 
roon Dimensions, 9 t 


nig He / Pauls \ 
h Ave.. Chicago, I 
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ensive. Clocks are furnished in attrac- 
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TANK CONTENTS GAUGES 


FOR ANY LIQUID THAT FLOWS 


LIQUIDOMETERS LEVELOMETERS 
100% automatic in operation. Liquid Utilize hydrostatic principle of es- 
level changes instantaneously indi- tablishing a balance between the 
cated of recorded without using out- head of the liquid in a tank to be 
side source of power. Read- measured and the indicator located 
ing models utilize ingenious at a remote point. Dial type indi- 
temperature compensated hydraulic cation with large easy to read nu- 
transmission system, permitting long merals and graduations. Precision 
. lengths of transmission tubing ex- built with knife edge-bearings, they 
LIQUIDOMETER posed to varying outdoor tempera- are rugged, easy to install and con- 
SENIOR tures. All Liaquidometers are float structed of the finest materials. 


operated, eliminating use of pumps, 
valves, etc. and errors due to spe- 


Liquidometers and Levelom- 
eters are made in a variety 


cific gravity differences. 


Write for literature 


sue win in site THE LIQUIDOMETER CORP. 


or recording types to suit 


any depth of tank or capacity 37th ST. & SKILLMAN AVE., LONG ISLAND CITY. N. Y. 
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Stiffness Tester 


“V-5 Stiffness Gauge and ‘J 
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Boiler feed and booster 


pumps controlled from central board shown on front cover and next page 


Ford Power Plant Instrumentation 


In Five Articles, Specially Written for Jnstruments 


2—Boiler Feed Instrumentation 


By W. W. DULMAGE 


Power Department, Ford Motor Co., Dearborn, Michigan 


OGICALLY following last month’s article on boiler 
room instrumentation at River Rouge, the intor 


t 


mation which follows will confine itself to instru 
mentation as regards the boiler feed pumps. 

Boiler feed control is centrally located on one panel 
ward, like the controls of any one boiler as described 
ist month. The panel includes complete metering and 
ontrol equipment for the automatic control of the feed 
water supply. The metering equipment includes: (A) ten 

rtical-edgewise flow indicators, indicating the rate of 
fow of each pump; (B) three round-chart recorders for 
ecording (1) the discharge pressures of the booster and 
oiler feed pumps, (2) the flow of the re-heat conden 

ind (3) the level of the re-heat condensate in the 

»w capacity tank. Also mounted on the panel board are 

dividual tumbler switches for each pump. These are 

two-position switches. one for complete automatic contro] 
ind one for manual (push-button) control. 

Feed water pumping equipment for the three high 
ressure boilers consist of five booster feed pumps and 
five boiler feed pumps, also one re-heat condensate 
pump. The booster pumps take water from the de-aera 
tor heater at 35 Ibs. absolute and pump it to a header 
it 780 lbs. absolute. The boiler feed pumps take the 


water at 750 lbs. absolute after it has passed hrough 


he cross-over and high pressure heaters, and raise it 
; 


1530 Ibs. absolute, pumping it directly to the boiler. 
Vhese pumps are divided into two separate groups 
Booster pumps Nos, 1-2-3, boiler feed pumps Nos. 1-2-3 
ind the re-heat condensate pump supply feed water to 


boilers Nos. 1-2-3. Booster pumps 4+ and 5, and boiler 


eed pumps 4 and 5, supply water to No. 5 boiler. 


< 
All pumps are controlled from one master panel board 


ind, through motor operated valves, the pumps may 


supply one individual boiler, or they may all feed in 
a common teed water header 


Booster Pumps Booster pumps Nos. 1-2-3 have a 


rated capacity of 1480 g.p.m. ¢ ach, at 1720 r p.m) 
igainst a head of 1920 feet. Two of these pump ire 
driven by a 1000 h.p. motor; the third is driven by a 
steam turbine. Numbers # and 5 have a rated ipacity 
of 2535 g p.m. each, at 1770 r p.m. operating against a 
total head of 1771 feet. Both pumps are driven by 1440 
hip motors. 

Boiler Feed Pumps Nos. 1-2-3 Each of these boiler 
feed pumps has arated capacity. of 2800) g.p.m il 
1770 r.p.m., operating against a total head of 2300 
feet. The pumps are driven by 1560-h p. motors 


BOOSTER PUMP CONTROI 


Che control for the boiler feed pumps is onlv 
quired to maintain a constant discharge pressure, where 
as the control for the booster pumps must also maintain 
proportionate flows from each of th pumps im service 


An electric contact type automati control is provided 


for each pump, which makes contacts for either “more 
or “less” to each pump which is operating, if the header 
pressure is respective ly low or high, or if the flow from 
a particular pump is less or more than that of the other 
pumps in service. The impulses are transmitted to elec 


tric-motor type control drives which positively operat 
the cam switches, or the turbine governor is the case 
mav be. to varv. the pump speed. Tumbler switches are 


provided which have two positions In one position thre 


contactors operate iutomatically ind, in the ther, con 
trol is by hand from push buttons. 

The motor-driven pumps are started and stopped by 

means of switches on the pump control panel, which ar 
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) Vitches Tor the ran tors o 
| sed t mth The turbin may bye 
| topped by mush ttons n fh umbler 
When t rbine gets 'D » Speed the oil 
" > wi I t integral with 3 builds ip pressure 
ind w th hes a point which is sufficient to per 
yop on of the turbine, a Mercoid switch is 
| i Sviphon yperated from the pressure and 
; i? ) | ny 1 ros stopped Control Is i¢ 
shed ontactor in the same manner as. for 
! n »p ps, th mtacts being transmitted to 
t ynity dr which has a total travel of six turns 
n rough a wo. ea ni moves a lever through 
15 degrees. This lever is fastened to a spring fixed to 
v vr lever. and ne the increased or decreased 
nsion ! I spring varies the load on the governor 

i t turbin sp ed 
I d n ie Ipper portion ind running across the 
riyd poratie board are ten indi iting flow meters, which 
n {j ite Ihe rate of dischara trom each of thre booste r 
ind boiler feed pumps At one side of the meters is lo 
ited power Cv yp pressure init described below to 
which s connected a shaft which extends the entire 
width of the panel behind the ten flow indicators. This 
shatt rotated in accordance with the booster heade) 
press ind its position Is therefore indicative of the 
pressure in he header. A lever is mounted on tli spindle 
of eacl t th indicating meters and its position is of 
course relative to the flow from the pump on which this 


meter is installed. Thus, it will be seen that as the roa 
fron thre power pressure unit turns with = inere asing 
pressure, one end of the horizontal presser bar is low 
ered, throwing the presser disk below the neutral posi 
tion and causing contacts to be made to the control 
ly \ S yy so The pulps to merease speed This causes an 
increased flow from all of the booster pumps in operation 
ind the other end of the horizontal bar will be raised. 
re irning the disk to the neutral position. Similarly, }1 
th header pressure decreases the disk will be raised 
IDO neutral and contacts for “more will be closed. 
transmitting impulses to speed up all pumps, ind in 
reas th flow. returning the pressure disk to neutral 
It will be seen that with this type of control there will 
be conseque ntly i definite pressure Lor ¢ ich rate of flow 
Also, with the pressure being held constant, will be 
seen that if the flow from any one pump becomes greater 
) s than that from the other pumps, the pressur 
disk will be moved out of neutral and contacts be mad 
» that pump to equalize its flow with that of the others 
I") woster pump control, then, will maintain not only 
i defi pressure for any rating but also equal flows 
Irom a ot th pumps In operation 
= a 


Ev. Drip Rump 





PUMP 


front 


CONTRO! 
for 


BOARD 


(See cover larger illustration) 


"RI 


lob 


MENTS 
Vol 11 


Drip 
OH) CHa Zank 


— 








f£vaporators 


High-pressure Steam & Feed Water: 


No. / Power Plant 


(Simplified layout, to illustrate 


Flash 
Tank 


L-PHtr 


Ford Mot 


articlé on instru 


Surge 
Ka 


























I 








ae ] 
B 


“an 


xO ots 





TH 
ed 


ter 

















We) 
ivy 000 bs, 


of steam @ 900%. 


& 1/250 /bs.Jin? 














Vos, 304 | 
UY) 








HP 






( 10 Ol o Aw) 


i 


x 





Turbines_| 


. 2 ) 
Vo,.304) Condensers |WNas./u2 | 


— ; 3 
sts) Hot Well Fumps (po 






Sys 
S 
T + 
Drip 
Tana 
J T 
Nl —b—] 5 
Jt 
1 pS 
yr 4 
RH Drip 

















})} 5 a rod t hil i) 
tion of W ( S 5 as a Dp mt vValy . na } 
end of which i | i ! r\ » into WwW 
}) nce | : & i Wil | | 
n. rod and 1) vei Vv rot 1 ) ! 
tat I Ol i | . 4 
Welg jt ‘ v ) ad 
xactly f 1 “ I ma 
! ( \ il | | d 
Ih i \\ 1 
5 } ) 1) }) I>} | ) } 
pecrating | ) 1 disp ind 
paowe piston and 1) “ 
When t { red 
SSCTNDEN | mre’s ‘ ! t } 
rises or falls proportionat il " I 
il und pres to ) 
Ipper or low de of the power ] mn, If t 
is) Increasing pow }) now lownward 
forcing the displacer dee} \ ( \ | 
,ACK OF CENTER PORTION OF PUMP CONTROL BOARD 
ition Of the t vant fore i ft ! 
displacer will cause thie cup and pil ve 1 
FEED PUMP CONTROI be toreed downward witl ve n t 
Inasmuch as there is no header on the discharge side until the pilot valve has closed off the o pp { 
i main high-pressure boiler feed pumps (the piping piston. Consequently. for erent ipp Bi ee 1 
ng arranged so that each teed pump is fed by but eS rotating Hreas re piston, a defini yosition 
booster pump at a time the only control necessary 


) maintain a constant pressure at the 


“ power piston ind displacer pists 
discharge side. 
\ helical 


piston rod carries a rack; this rack nyages Aa pu 
al pressure coil is connected to each of the on the shaft; thus the position of the shaft 
n boiler feed lines and operates a balanced contactor. rate indication of th 
\s the pressure increases or decreases, the 


balanced bar 


ites to move one end of th pt ! t t 
wed about its pivot in the center and contacts are which then give impulses to the control d 
on one of the movable points, energizing one ol or decrease pump speed n , yrrdan 4 
pair of relays which in turn energizes the control variation . 
t Phese same helices also each oper ite 1 Me reoid 
4 h, upon a large drop In pressure indic iting talur RE-HEATER CONDENSATI VD HEATEI ) 
pump makes contact to start the st indby urbine On the first 110.000 kw init in ' ] 
iriven pump i 1215 Ibs pressure W th stean 750 | 
Che pump motors ind turbine are started, stopped, ire used after the high-pres | 
id controlled by push buttons on the tumbler switches is reheated to 600°] with liv t { 
1 riti¢ illy is described tor the booster pulp ontrol (a0 ] treet Passe | Ik \ 
However, there being no common discharge header, when is. importan Ba ‘ 
otor-driven pump fails and the turbine-driven pump ' ty 
ikes its »! ice, the circuits are so arranged that the tur S11) ind oO {ow t 
ne pump will operate from the contactor giving in Fnasn ba . wn. eet 
ses in. accordance with the pressure in the boiler parallel ) nstal 1 Ww 
ider to which the turbine-d np 1) now sup lime ipproxin thy A it { i { 
Ving water maintain the « ymdensa nt heater 1 ! 
Phere re two power units included in the con to the econdensa discharg { ot Bs 
equipment of the boiler feed pumps Thev tune Lining the proper lev n this tank. t { | 
in the same manner as. the power pressure nits in the two re-heaters w | hela t 1) nt 
viously di scribed Thus, thes too mamta Cg i] flows [his Ts ‘ YIDDTINT { ' | 
ll p imps m operation, the discharg side t th 1} I) t 
Jelow are listed the power pressure nits and the condensa does 1 o 
spective inits: troduced into a feed w y |} “ ty 
No. 1 ope rates boils r feed pumps Nos. 1-2-3 ers supplving s 
No 2 ope rates booster pumps Nos. ]-2-3 reheaters 
No. 3 operates booster pumps Nos, 4-5 \s a fina ( n f 
Ni hk ope rates boiler feed pumps Nas b> water Ww \ rst 4 
feed control 1 L bo a B) di 
POWER PRESSURE UNITS gages indicating (1) ¢ 
| } power pressure deviee. which Is sed \\ th i) to N , ind N re 
ster pump control to position tl shat which con nit, = ! rhe } ’ 
s one end of the presser bars of the contactors in densi . vy 1d 
rdance with the pressure mn hie boost LITT) vilen 
ler Operates as follows: No. 3 and N e Curb new 
ch unit has a pressure conne on at tl botton rator 
evlinder in which floats a small piston, which tits In mn ’ = 
Viinder closely to prevent leakag ind ve will irn irt wil think, ¥g read 
\ Yr ve 1}) ind down with smal variations ian uur feed wa I R 





The Pyramidal Indenter Method of 


The Brinell and Rockwell hardness testers were dis the applied load divided by the pyramidal area 
ssed in preceding articles, because 1) they represent impression. This is expressed by the equation 
types if testers in both of which a steel ball may be 2P sin 6 2 
ed as an indenter and because (2) in the first instru H 
ent the diameter of the imprint iS a measure of hard D 
eae RiteEion. cated) Fis a arena aw > 
’ ind in tl ond the measurement of hardness i where P is the load in kilograms applied fe 
Da upon the incremen | depth due eo an eerie denter. D the average length of the two diagona 
{ } _ _— . | P . 1 ? . , . ae 
f load from a minor to a major value siete pressed in millimeters, and 4 136°. The area 
~ reel ‘ ts T al hy + i { t ] t} . 
isuremen ire n based ipon total depth of pene imprint may ilso be expressed in terms of the ay 
ration length, a, of the sides of the square Impression, 
In both instruments, whether using a steel ball or a 
] j 4 
diamond cone as the indenter. a circular Impression 1s \ ss Db"; 2 
Area 
produced sin 68 sin 68 S 
Another form of indenter will now be discussed be 
fore leaving this general type of indentation instru whence there follows: 
nent. This is the tester suggested by Smith and Sand H 1854 P 
j .O” 
lund and now known as the Vickers Diamond Hardness D 
Pesting Machine It was brought out tirst by Messrs oe : 
Vinkovs. Aemmatouws sme Tables accompany the Vickers machine whereb 
1¢ t S tis ony ( maonh ‘: 


mav transform the values of diagonals direct] 
In this instrument a square base diamond pyramid IS a. 

; : Vickers hardness numbers. 
ed as an indenter in which the apex 


S pointed like i 


pyramid with an ingle of 136 between Opposil faces 


= Ta, 
of th pyramid A steel py ramid indenter had been used — is. , 


\ 
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Fig. 128. An illustration from a booklet issued by Tinius O 

Testing Machine Co., showing round and square indenta 

and scales ot measuring microscopes or of MIcro-proyes 





heads 
Fig. 127. Area of im D a mond indenter used on The general formula for hardness, HP / A 
Ek See \. | Vichers: metruments ipplies to ball indenters and cone indenters as wel 
WS the pyramid indenter. It was on this fundamental 
tion that the one for the Brinell hardness numb: 
ee based. This was given in the March article as 
is early as 1865. The sh ipe of the indenter is shown in 
Pig. 127. The shape of its imprint, which is a square, ; P 
s compared with that of a steel ball in Fig. 128. The -]) 
relative sizes of circular (ball) and square (Vickers | D—\/ D°*—d 
Impressions on one specimen are shown in Fig. 129. In - 
ll these figures it will be seen that the length of the or When expressed in terms of depth, 
diagonal, DD, of the square impression Is the factor 3 
which is used as a measure of hardness. Usually the H 
iverage of the two diagonals is taken. The diagonals it 
ire used because thev are the largest dimension of the where d is the diameter of the circular impression 
square impression and are measured by means of. a t is the depth, both expressed in millimeters. W 
MICTOSCOpe is shown in Fig. 128 or i means of a d t r, the radius of the ball, the area of the 
transparent scale as used by Le Chateli r. face of the imprint is 27r°, or half that of the ball 
In general, the degree of hardness, F/7, is given bv the as an indenter. See Fig. 130. One point should 
equation HP; A where P is the load (in kilo emphasized in connection with the foregoing forn 
grams) impressed on the indenter and f is the area (in It indicates that with loads proportional to the squ 
square millimeters) of the surface of the imprint. of the ball diameters the same degree of hard 
In the case of the pyramidal indenter with 136 should be indicated by balls of various sizes when 
ingle between opposite faces of — the pyramid, the on the same specimen Thus: 
diamond pyramid hardness number is. the quotient of P P 
S & G. Ss An A Met 1) H 
Ha M R - 1) AD AD 
H ‘ ’ \ 
\ ‘ \ OT 


INSTRUMENTS 
Page 168— Vol. Il 








oem 





Hardness Testing 


n the foregoing basis that all the hardness testers 
s of indentations as a factor of hardness have 
scales of hardness numbers estimated. That such 
tv does not hold is attested by the fact that di 
accompanying such instruments generally state 
n giving the hardness numbers it is desirable to 
e load and size of the indenter. 





129. Photograph of round and square imprints made by 
and pyramid indenters on one single test-piece 


LST-PIECE—Armco ingot iron with a hardness of 81 Brinell. Highly 

ished betore being indented. (The roughness due to the tlow of metal 

strikingly apparent.) 

MAGNIFICATION—Approx. 9.2 

ILLUMINATION—Vertical. Inclined surfaces of both indentations 
ore appear black; and only the bottom of the Brinell indentation 
il to optical axis) reflects any light into camera lens 

BRINELL—Standard 10-mm. diameter steel ball and standard 3000-kg 


VICKERS—Standard diamond and standard 10-kg. load 

SOURCI Test-piece prepared, and micrograph made, by Dr. Max 
samer, Carnegie Institute of Technology, Pittsburgh, Penna., May 
8, especially for tUlustrating this article 

CAUTION—The indentations were purposely made close to each other 
ve request of Instruments’ editor for the sole purpose of including 
in one photograph. Never should they be so close in actual practice 
its given in the instructions that come with instruments should always 
bserved. In this particular case the roughness due to flow of metal 
ind the Brinell indentation makes it impossible to take an accurate 
ling on either of the two Vickers diagonals 


When the general formula, // P/ A, 8 ipplied to 
one test, the mn, Since | 


Hl 0.900 


1. kor a cone with an apex angle of 90 


nd the de pth ¢t of the imprint are equal. 

Che Vickers diamond pyramid hardness tester was 
loped with a view to producing a reliable and accu 
means for testing metals of a high degree of hard 


ss, for, in the case of extra-hard metals, not only does 
point of the cone indenter become blunt with use and 


+ 


Ss give false results, but also for a high degree of 


+ 


rdness the ball indenter ceases to Give re liable resul Ss, 





By S. R. WILLIAMS 


Professor of Physics, Amherst College 


due to a measurable flattening of the bal This occurs 
even with the extra-hard Hultgren” steel balls. A dia 
mond indenter, whether of spherical, con yropvr 
shape, does not suffer this deformation to suc in extent 

Although diamond, the hardest material, undergoes 
little deformation, a recent paper by Fuller’ shows that 
extraordinary care must be taken in the use of Vickers 
machine. If the diamond pyramid is not symmetrica 
set with respect to the direction of the indenting f 


1) } | 
thre impression will be lopsided 


Fuller ( ills attention to th Pract that three An rical 


pyramid indenters proved unsatisfactory in) producing 
square imprints ind it was the understanding that oth 
laboratories were having the same difthculties. In his cor 
clusions Fuller states that the specifications should | 


. ! | 
more specific and proceeds to make certain recommenda 
tions for improvements in hie 


from a Vickers machin 


Fig. 130. Relations be 
tween diameter and 
depth of imprint of 
steel ball whose di 
ameter is d@ when a 
load of P kilograms 
is impressed on_ the 


ball 





YP \ \ } 





Fig. 131. Rela n 


tween diameter 





¥ i 
“a? print and dep whe 
\ j t 1 9O cone Is: pushed 
\ bn TUTVUTTY TT Tt its the etal i i 
\ W P| id of Pk 
-D— 
Holz has stated’ that “In the Vickers 
ill necessary to hold the test pieces ins 
ful manner to obtain accurate results: the Vickers res 
ire not affected so much by the nait ! f 
surfaces in contact with the ah wr by d , 
vil. Che author has found that in a chines) w 
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Fig. 142. Showing how the angle at the apex of the diamond 


ramid indenter was determined for use in the Vickers Pvyra 


nid Hardness Tester 


imprint would lie between the limits 


0.25D and 0.5D where D is the diameter of the ball. 
Uh iverage of these limits is 0.375D. If one draws 
ingents to the edge of the imprint for a circle which is 


cross-section of the ball at 0.8375D. as shown in Fi 
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This correspondence between the hardness 
obtained by the two methods holds only for the 
materials, v.e., so long as the steel ball does not suf 
ippreciable deformation due to the pressure ay 
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deformation really begins to make itself felt in 
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PROBLEM (No. 18) 
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.THODE-RAY TUBE TIMER 
with an application of the 
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exceed one-hundredth of a sec 
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or muluple) without being off 
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for lasting dependability 
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Complete Catalog 6F FREE 
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Size of opening 1 5/16” 
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vile As to the sweep circuit, all of the oscillator, temperature contr 

oximately constant vagaries of a Thyratron are eliminated maintain frequency and output 
s through the charg by applying a standard frequency of 5 stability can be built. After 
iiting” interva cycles to an ordinary elliptical “rotator” calibration, the actual temper 

re » that the circuit (see sketch) Enough voltage be varied to make the final ad 
points of each from 7 is applied so that the major of the frequency. Calibration 


ibsolute contro! ixis of the ellipse is about ten times as made by applving the amplified 
| ; pp | 


ICCeSSIVE CTOSS large as the sereen and only its central of a high-grade watch or chronor 


point by the spot transformer 7'5, so that a surge 
This scheme fai pear on the screen: if the freq 
flicker and var Ons not exactly the same as the ti 
surge will appear to “walk” acr 


the photocell chambe rs 
screen. It is doubted that a 


microsecond accuracy, -——— 
tube must be sup } , generator can be pre calibrated 

| S-cycle ] manufacturer and guaranteed 
i l wruar: ed to 
| Generator ie 


oltages so that it 
iltered. The tube 
trav fields, ees = L calitv, where such factors as 
pressure, ete., might affect 


hye wcurate if transported to 
hielded) trom 


ro position oO ! spot lI 

either \n accuracy of one part in mi 
Screen one the same as one evcle variation ir 

over two days. The standardizing 
ometer can be checked frequently 
that interval by standard = time 
This system eCuracy depends 


it-frequency oser 
ervstal controlled 


i rejected because of 
ticabilitv of thus generating frequent calibration check — wit 
ndard frequency Assuming portion appears on 

could be readily ad Bis adjusted until the part of the el of the stated order are not ordi 

cle difference, there stil liyotic il trace that crosses the screen is ovtained with slinple ipparatus It 
substantially be mentioned that watch comparator 


the screen Battery chronometer, since apparatus const 


he problem of controlling their entered. This part will be 
long ellipse, with rate-recorders are commercially 


duced which employ a frequency 
ird obtained by a ervystal oscillator, 


frequencies within close enough linear in a relatively 


in example, assume two the spot off the screen most of the time 
vith LOOQ00- and 1L00,005-evele ind traversing it in a single direction 5 
. low-frequency drift, working thi 


Po produce a standard dif times per second. The unknown wave can 
FH O.OO0005 evcles, be ipptlied to the transformer 7’. The 


of 5 i six-or seven-stage multivibrator 
reduces the frequency to five cycle 
still retains the initial percent var 


of the original crystal. [ remember 


variation in 200,000, would time of traverse depends on the adjust 


ervstal to be constant with ment of the 5-evele voltage out of gen 
in one hundred billion erator. This can be set to give a sweep 


O01 sec. by ipplying 1 60- or ing watch comparators reported ir 


lines of “constructive sug Of approx 


first 100-evele timing wave to J's and view struments when they came out 


av be said that it is 
operate the cathode-ray ing its trace 
stant conditions, as men his still 

ting i. evcle renerator \ vacuum tube shop 


KEEP COUNTON ANY) PREGIGTORSE... 


PRODUCTION PROCESS WHY 


Mechanically, Electrically WE 
or Manually MAKE 


Production and cost control can often be tightened up with Veeder- 
Root Counting Devices. For then you get complete, accurate, daily OUR 
records on every machine and process . . . in terms of revolutions, 
operations, pieces, trips, speeds, volumes, lengths, starts, stops OWN 
hand-movements, electrical impulses, light-flashes or shadow's. 

Veeder-Root Counters Count Everything on Earth''—and there 
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HIGH SPEED REMOTE INDICATING HAND TALLY 
PREDETERMINING COUNTER MAGNETIC COUNTER COUNTER . : 
A wire wound resistor is only comprised of three elet 


the refractory, the wire and the enamel. Each 
expand and contract in relation to the other two in « 


vears ago, but readers need only vi 


leaves the problem of get nearest modern jewelry and watch re 




















that changes of temperature do not cause damage. 
caretul selection of the basic materials and the conti 
production ot the resistor refractories, Ward Leona 
enabled to match refractories to both wire and en 
thus giving Ward Leonard Resistors the long lite 
has alwavs characterized them. 
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